Background
Glatiramer acetate (GA, Copaxone®) is a synthetic amino acid polymer analogue of myelin basic protein and represents one of the first approved therapies for multiple sclerosis (MS) worldwide. It is now believed to exert its mechanism of action mainly through immune modulation leading to reduced central nervous system inflammation [1] . Its efficacy and safety profile in relapsing remitting MS (RRMS) have been investigated and confirmed by long-term studies up to 22 years, with more than two million patient-years exposure [2, 3] . Its indication was extended to the treatment of clinically isolated syndromes (CIS) following the results of the PRECISE trial [4] , and more recently a new administration regimen (i.e. GA 40 mg 3 times a week) has been approved as an alternative option with advantages in terms of injection frequency [5] .
Several new drugs including oral compounds and monoclonal antibodies have been approved for MS treatment more recently. Despite the lack of head to head trials, their efficacy is often considered superior to GA (especially for monoclonal antibodies), at the expense of a less favourable short and long time safety profile [6] [7] [8] [9] [10] [11] . Since their introduction, these new compounds have expanded the MS therapeutic landscape and changed treatment algorithms. It is now less clear which patients are still likely to benefit from GA treatment. We therefore aimed at characterizing Swiss MS patients that started with GA treatment in real life clinical practice, particularly assessing the reasons why GA was currently prescribed, as well as its effectiveness and safety, and if these differ between patients using GA as first or second line MS therapy.
Methods

Ethics approval and consent to participate
This research is a field report from practice and did not require ethical approval when it was started, long before the new ordinance on research in humans came into force (01.01.2014). A simple notification to the ethics committee of each Canton (Ethics Committe northwest/central Switzerland for the Cantons Aargau, Basel, Jura, Lucerne, Unterwalden, Schwyz, Uri, Zug; Ethics Committee Bern for the Cantons Bern, Fribourg, Valais; Ethics Committee Geneva for the canton Geneva, Ethikkommission Ostschweiz for the Cantons Appenzell, Sanct Gallen, Thurgau; Ethics Committee Ticino for the Canton Ticino; Ethics Committee Vaud for the Cantons Fribourg, Neuchâtel, Vaud, Valais; Ethics Committee Zurich for the Cantons Glarus, Graubünden, Schaffhausen, Zurich), in which the various participating centers were located, was sufficient and did not receive a reference number. The funding body notified these practice experience observations to the ECs to ease the administrative burden of the coordinating and all participating centers. All participants were adults and signed a written informed consent regarding the use of their health care data for the purpose of this research.
Design
This was a prospective, multicentre, observational study on patient data to reflect real life clinical practice on the prescription and use of GA across 45 hospital and office-based neurologists in Switzerland between 2010 and 2015.
Aims
The study aimed at 1) investigating GA effectiveness and safety when used as either first line treatment in previously untreated patients or as second line in patients switching from another treatment; 2) assessing the reasons for choosing GA among different MS therapies.
Patient population
All patients diagnosed with RRMS and CIS according to McDonald 2005 [12] who were prescribed GA according to the approved Swiss label between 2010 and 2013 and during 2015 at participating centers were consecutively included for monitoring within ±30 days since GA start. Patients were stratified according to previous MS therapy: those who received GA as a first line drug for MS constituted the "naïve group", whilst patients who started GA after discontinuing a different immune therapy were included in the "switcher group".
Endpoints
The primary endpoint was the annualized relapse rate (ARR) over 1 year of GA treatment (from baseline, V1, to 12 months, V2) in naïve and switching patients compared to the ARR of the previous 24 months. Secondary endpoints were EDSS changes over the study period, the frequency and characterization of adverse events (AEs) occurring between V1 and V2, and the frequencies of reasons for prescribing or discontinuing GA according to pre-defined lists (see "clinical assessment").
Clinical assessment
Treating neurologists collected in a case report form (CRF) patients' demographics at V1 and clinical characteristics at V1 and after 12 months (visit 2, V2). Past MS history was retrieved from medical records.
The reasons for starting with or switching to GA were recorded by the treating neurologists in the CRF, referring to the following pre-defined list of categories: 1. At baseline (V1), patients were advised to inform their treating neurologist in case of new neurological symptoms, any new general symptoms, or treatment discontinuation. If these occurred, the treating neurologist examined patients within 2 weeks to assess the occurrence of relapses and/or adverse events, or to establish the reason for treatment discontinuation. The treating neurologists additionally examined patients between V1 and V2 according to their clinical practice.
Relapses were defined according to international diagnostic and therapeutic guidelines as newly developing neurological symptoms or reactivation of preexisting neurological deficits for a minimum of 24 h in the absence of an increase in body temperature or infections occurring at least 30 days after the preceding episode [13] .
Disability was measured by the Expanded Disability Status Scale (https://www.neurostatus.net/) [14] .
AEs occurring during the study were noted in the CRF and classified as local reactions, systemic reactions or others. The treating neurologist also specified a possible causal role of GA treatment in the occurrence of the AEs. Reasons to discontinue GA were classified as follows: 1. Patient's choice; 2. Treatment related side effects; 3. Treatment felt to be ineffective by the patient; 4. Adverse events; 5. Treatment failure; 6. Pregnancy; 7. Other reasons. The immune modulating therapies started after GA discontinuation and the reasons why these were chosen were also reported according to this classification: 1. breakthrough disease activity, 2. adverse events; 3. others.
The following data were collected in the CRF by the treating neurologists during V1 and V2: V1 (baseline): MS subtype, disease onset, number of relapses in the past 2 years, previous immunemodulating therapies and reason for discontinuing, EDSS score at V1, comorbidities and concomitant medications. V2 (month 12): MS subtype, number of relapses occurred since V1, EDSS score at V2, adverse events, comorbidities and concomitant medications.
All patients completing V1 and V2 were considered for the analyses.
Statistics
Continuous and ordinal variables were described by median and interquartile ranges (IQR), categorical variables by counts and percentages. Categorical variables at baseline and during the study were compared using Chi Square (χ 2 ) test, continuous and ordinal variables were compared using the non-parametric Mann-Whitney (MW) test for unpaired groups and the Wilcoxon matched (WM) test for paired groups. The annualized relapse rate (ARR) and the EDSS change between V1 and V2 were also compared between naïve and switchers using Poisson and linear regression models respectively, with and without correction for covariates of interest (gender, age, disease duration, ARR in the previous 24 months (24 M) and EDSS at V1). Residuals were checked for normality under linear models using histograms and plots of residuals vs fitted values. To further correct for baseline imbalances, naïve and switcher patients were matched 1:1 by using propensity scores (PS), based on gender, age, disease duration, ARR in the previous 24 months (24 M) and EDSS at V1. A conservative caliper size of 0.1 standard deviations of the logit of the PS was used to provide adequate matching. Significance level was set at p = 0.05. All analyses were performed using R (https://www.r-project.org/) and the R package "nonrandom".
Results
Baseline characteristics
Two hundred and twenty-six patients were recruited in the study. Thirty-two patients did not complete V2 (lost to follow up) and were therefore excluded from following analyses. Notably, there were no significant differences in terms of baseline variables between included and excluded patients (Additional file 1). The characteristics of the included 194 patients are reported in Table 1 . One hundred and thirty patients were naïve, 64 switchers. Sixty percent of the switchers had been treated with interferons before GA start. Median (IQR) time interval between discontinuation of prior therapy and the beginning of GA was 4.5 (2.0-5.5) weeks. Naïve patients showed several characteristics that were different from those of the switchers. As compared to switchers, naïve patients were indeed significantly younger (36.0 (29.0-45.0) vs 41.5 (33.0-48.2)), had a larger proportion of CIS (24.6% vs 6.2%) and a shorter disease duration (1.0 (0.0-5.0) vs 6.0 (3.0-13.0) years) ( Table 1 ). As expected, EDSS at V1 was higher in switchers than in naïve patients (2.5 (2.0-3.8) vs 2.0 (1.5-2.5)), while the ARR in the 24 months preceding V1 was higher in naïve than in switchers (0.5 (0.5-1.0) vs 0.5 (0.0-1.5) respectively) ( Table 1) .
Longitudinal changes in ARR and EDSS after GA start in naïve and switchers
The time between V1 and V2 was similar between naïve and switcher patients (356 (316-384) vs 360 (335-383) days respectively, p = 0.978). At V2, 89 (68.5%) patients in the naïve and 43 (67.2%) in the switcher group were still on GA treatment (p = 0.988). The number of naïve patients experiencing 0, 1, 2 and 3 relapses between V1 and V2 was 111 (85.4%), 16 (12.3%), 2 (1.5%) and 1 (0.8%).
The number of switchers experiencing 0, 1, 2 and 3 relapses between V1 and V2 was 51 (79.7%), 11 (17.2%), 1 (1.6%) and 1 (1.6%). The ARR was significantly reduced in the V1-V2 period as compared to the 24 months preceding V1 in both naïve (0.0 (0.0-0.0) vs 0.5 (0.5-1.0), respectively, p = 2.9e-10) and switchers (0.0 (0.0-0.0) vs 0.5 (0.0-0.5), respectively, p = 0.022) ( Table 2 , Fig. 1) . Similarly, the EDSS was significantly reduced at V2 as compared to V1 in naïve patients (1.5 (1.0-2.5) vs 2.0 (1.5-2.5), respectively, p = 0.003). In contrast, EDSS scores were similar at V1 and V2 in the switchers (2.5 (2.0-3.8) vs 2.5 (1.5-4.0), respectively, p = 0.852) ( Table 2 , Fig. 1 ).
Response to GA treatment in naïve vs switchers and associations with other covariates
We tested several variables including naïve vs switcher status for association with ARR during V1-V2 and EDSS change between V1 and V2 using linear regression models. In univariable analyses, naïve status was negatively associated with EDSS change between V1 and V2 (regression coefficient = − 0.296, p = 0.042). This association remained significant (regression coefficient = − 0.436, p = 0.008) when gender, age, disease duration, ARR in the previous 24 months and EDSS at V1 were included in the same multivariable model ( Table 3 ). EDSS at V1 was also negatively associated with EDSS change between V1 and V2 (regression coefficient = − 0.263, p = 6.18e-05). No other statistically significant associations were present. Similar significant associations were present in the restricted group of PS matched naïve (N = 53) and switcher (N = 53) patients (naïve status: regression coefficient = − 0.649, p = 0.001; EDSS at V1: regression coefficient = − 0.276, p < 0.001).
There was no association between naïve status (vs. switchers) and occurrence of relapses between V1 and V2 in either univariable (regression coefficient = − 0.345, ARR Annualized relapse rate, EDSS Expanded disability status scale, V Visit p = 0.288) or multivariable analyses (regression coefficient = − 0.587, p = 0.164). A significant negative association was present between age and occurrence of relapses (regression coefficient = − 0.051, p = 0.0163) ( Table 3 ). This was also the only significant association present in the restricted group of PS matched patients (regression coefficient = − 0.076, p = 0.004).
Factors motivating the start of GA therapy
To avoid flu-like symptoms and more generally the favourable side effect profile of GA were the most frequent reason to prescribe GA in both naïve (36%) and switcher (28%) patients. In the naïve group fatigue, cognitive impairment and depression accounted for 31% of GA prescriptions, while this figure was 15% for the switcher group. In the latter, comorbidities motivated 17% of GA prescriptions. Pregnancy planning represented a reason to start GA in 7% of naïve and 8% of switcher patients. In the switcher group, positive JC virus status accounted for 13% of prescriptions. GA was started in 8% of naïve patients because of patients' choice; this was not the case for any patient in the switcher group (Table 4) .
Safety
Twenty-eight adverse events were reported by 26 (13%) of the patients. The most frequent were injection site reactions (N = 7) and relapses motivating hospitalization (N = 4). There were two cases of generalized lymphadenopathy, and no unexpected side effects occurred (Additional file 2). Sixty-two patients discontinued GA before V2. The most frequent reasons for discontinuing were patient's choice (N = 22), treatment failure (N = 11) and AEs (N = 8).
(Additional file 3). Eight patients reported pregnancies during GA therapy. GA was discontinued in all cases within the first 12 weeks of pregnancy. No complications or relapses were reported during pregnancies, nor during breastfeeding (5/8 patients). All babies were healthy at birth. GA was resumed after delivery in 1 patient and after breastfeeding in 4 patients. Two patient started dimethylfumarate after delivery and breastfeeding, respectively, and 1 started fingolimod after delivery. For 44 patients, the immune therapy after GA discontinuation was reported. The most frequently prescribed therapies were natalizumab (N = 12, 27%; N = 10 breakthrough disease activity,), fingolimod (N = 12, 27%; N = 8 breakthrough disease activity, N = 2 AEs), and interferon beta 1a (N = 10, 23%; N = 6 AEs). Six (13%) patient were prescribed with teriflunomide, and 4 (10%) with dimethyl-fumarate, (AEs in all cases). For the remaining 18 patients with similar baseline characteristics (data not shown) information on the immune therapy after GA discontinuation was not available.
Discussion
Our observational, prospective study describes the reasons for prescription of GA in real life clinical practice and monitored its efficacy and safety over a 1-year period in a contemporary MS population in Switzerland (2010) (2011) (2012) (2013) (2014) (2015) .
Thirty-six percent of naïve and 28% of switchers started GA because of absence of flu-like symptoms and the favourable safety profile. Our findings are in line with several studies highlighting the relevance of intolerable drug-associated side effects among reasons that motivate MS therapy change [13] [14] [15] . Importantly GA does not negatively influence fatigue and mood disorders [15, 16] , liver dysfunction is rare and no major drug-to-drug interactions are present. Pregnancy exposure to GA in women with MS is probably acceptable [17] , and 7% of naïve and 8% of switchers were indeed started with GA because of pregnancy planning. Our study therefore further highlights how drug-associated side effects represent a major driver in the choice of MS therapy in both naïve patients and in those who have already experienced other MS treatments.
The rate of relapses was very low in the year following GA initiation and significantly reduced as compared to the 2 years before GA start. Disability scores remained Another recent, epidemiological study [18] including Danish patients treated with teriflunomide and dimethyl fumarate in a real world setting found similarly low rates of relapses, probably reflecting the current use of injectables or oral first line therapies in patients with less severe disease activity.
Our results suggest that both naïve and switcher patients can benefit from GA therapy, at least in the 1 year following treatment start. Similarly, another recent, prospective, observational study, involving 754 German patients, showed that GA reduced ARR and disability progression in both naïve and switcher individuals (ARR in switchers: from 0.98 to 0.54, p = 0.001; ARR in naïve: from 0.81 to 0.48; p = 0.001; EDSS change in switchers: − 0.02 ± 1.12, p = 0.86; EDSS change in naïve: − 0.04 ± 1.05, p = 0.27) [19] . The difference in absolute ARR values during GA treatment between our study and the study by Ziemmsen and coworkers [20] are most likely due to the differences between the two populations included. Of note, less than 30% of the switchers in our and in the German cohort experienced previous treatment failure under interferons. This and the possible bias deriving from a regression to the mean effect likely explain the less positive results reported in other studies of patients switching between different first line therapies after treatment failure [20] . Our findings suggest that a "lateral" switch could be considered in case of reasons other than treatment failure (e.g. adverse reactions, tolerability issues, comorbidities, pregnancy), while in the case of disease reactivation escalation approaches appear more appropriate [15, 21] .
When using linear regression analyses, a significant negative association between naïve status (vs. switchers) and EDSS change between V1 and V2 was observed in both univariable and multivariable models. We believe that the negative association between EDSS change and naïve status (i.e. EDSS tendency to decrease in naïve patients) is likely driven by recovery from recent relapses leading to diagnosis and first MS treatment. We think that this hypothesis is further confirmed by the relapse rate preceding GA start being higher in the naïve than in the switcher group, thus being more affected by regression to the mean effect, and also by a high EDSS at V1 negatively associated with EDSS change at V2 (i.e. patients with high EDSS due to recent relapses are more likely to experience EDSS improvement). However, it is also possible that the larger compensatory neuronal reservoir available in "early" patients could make naïve individuals benefit from GA more than those with a more advanced disease. Nonetheless, that early use of MS therapies is associated with better outcomes has already been shown in other studies [4, [22] [23] [24] . No association was instead present between occurrence of relapses and naïve status. However, younger patients appeared to be at higher risk of experiencing relapses, confirming that particular attention should be reserved to patients in their earliest stages of disease.
Concerning safety, GA was overall well tolerated in our study and the proportion of patients reporting adverse events (13%) was in line with findings from similar cohorts. Ziemssen et al. [15] reported that 15.5% of 672 patients who were switched from another therapy to GA, had at least one adverse event during the first year of treatment. Similarly, in the QualiCOP study, 19.1% of patients starting GA had at least one adverse event during a mean follow up of 17.5 months [19] . The overall number of AEs was instead probably underestimated due to study designs, having only one 12 month-, preplanned visit. This might have prevented our study to capture mild and/or transient AEs, particularly injection related reactions. One-third (62/194) of our patients discontinued GA before study completion, but only a minority of them due to treatment failure or adverse events (6 and 4% of overall patients, respectively). Similarly, after a mean follow up period of 1.5 years, 6.3 and 4.6% of patients discontinued GA because of lack of efficacy and adverse events, respectively, in the COPTIMIZE study [15] . While 9% of patients in the QualiCOP study interrupted GA because of adverse events, no figures are provided for those stopping GA because of treatment failure [19] . Eight uncomplicated pregnancies in our study population contributed further to the body of evidence that continuing GA until conception is safe and might help preventing disease reactivation as opposed to interrupting MS therapy before conception [17, 25] .
The main limitation of our study is the lack of radiological data generally more sensitive to disease activity in the short term (i.e. 1 year follow up) as compared to relapses or changes in disability scores. Nonetheless, exactly because the study duration is relatively short and the onset of GA therapeutic effect might take up to 6 months, a 1 year follow up MRI only might have been elusive without an additional scan performed a few months after GA start (i.e. a re-baseline scan). This was not being routinely performed in clinical practice when this observational study was performed. A second limitation is the lack of a control group preventing definitive conclusions about safety and efficacy. However, our primary aim was to characterize Swiss MS patients that are currently prescribed with GA and assess the reasons for choosing GA among different MS therapies rather than its efficacy and the safety. A third limitation of our study is the proportion of patients lost to follow up (14%). While this group of patients might have influenced significantly the results, their baseline characteristics were similar to those of remaining patients, making this hypothesis less likely. Also, we attempted to define predictors of response to GA by including several variables in the regression models with occurrence of relapses and EDSS change as outcome variables. However, this cohort does not represent the appropriate settings where to investigate predictors of response to GA due to the overall reduced sample size and small proportion of patients experiencing disease activity. Finally, our study did not include patients treated with biosimilars of GA, which were not yet approved in Switzerland during the study period.
We believe that our study nevertheless brings important information, as it reflects how the use of GA in daily clinical practice has developed in the most recent years in the setting of several Swiss tertiary level-centers and office-based neurologists.
Conclusion
While the recent development of several new drugs has considerably improved current MS treatments (especially in patients with severe disease forms), the results of this study suggest that GA is an option for MS treatment, especially when individuals fear interferon related side effects, carry relevant comorbidities or plan a pregnancy. Its clinical efficacy and safety in naïve patients and in those previously treated with other compounds seem to be comparable to findings in previous studies.
